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(57) ABSTRACT 

A receiver provides received analog signals to a plurality of 
channel branches, and on at least one of the channel 
branches, the frequency of the received analog signals is 
adjusted independent of the relative positions of the corre- 
sponding analog signals in the radio frequency (RF) spec- 
trum. The analog signals on the channel branches are then 
combined, and the combined analog signals are converted 
into the digital domain. For example, the receiver comprises 
at least one antenna(s) which receives radio frequency (RF) 
analog signals. A channel branch arranger receives the 
analog RF signals from the antenna(s) and provides the RF 
analog signals to a plurality of channel branches. A fre- 
quency conversion arrangement comprising at least one 
frequency converter on at least a respective one of the 
channel branches adjusts the frequency band of the analog 
RF signals on the respective channel branch independent of 
the relative positions of the corresponding analog signals in 
the RF spectrum of the different channel branches. The 
analog signals on the channel branches are combined, and a 
single analog to digital converter converts the combined 
analog signals into digital signals. In converting the com- 
posite analog signals into the digital domain, the frequency 
bands of the analog signals are positioned in a plurality of 
Nyquist zone channels in the digital domain. By properly 
selecting the frequency bands for the analog signals on the 
channel branches and the sampling rate for the A/D 
converter, the available bandwidth for the A/D converter can 
be more efficiently used, and/or time coherence and/or phase 
coherence can be provided. 

16 Claims, 4 Drawing Sheets 
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MULTIPLE BRANCH RECEIVER SYSTEM rotates or folds periodically about itself at multiples of 

AND METHOD one-half the sampling frequency. As such, the signal band- 
width and mirror images of the signal bandwidth are peri- 
odically repeated at frequency intervals corresponding to the 

BACKGROUND OF THE INVENTION s sampling rate of the A/D converter. Each replica of the 

* r- .j r*nu t signal bandwidth can be referred to as a Nyquist zone, and 

1. Field of The Invention * T1? . , . JiLf , , . 

m . . . , the IF signal bandwidth folds back to the first Nyquist zone 

Ibis invention relates to a wireless communications and, between ^ Q Hz ^ Qne . half ^ ^ frequency. 

more particularly, to a multiple branch receiver architecture ^ bandwidth of a N ^ mw corrcspon ds to the Nyquist 

in a wireless communications system. bandwidth 

2. Description of Related Art ^ periodicity of me spectral density in the digital 
The service area of a wireless communications system is domain is a basic property of sampled waveforms which can 

partitioned into connected service domains known as cells, be predicted by determining the Fourier transform of the 
where wireless units communicate via radio links with a time-sampled waveform. Generally, the A/D converter 
base station (BS) serving the cell. The base station is coupled 15 samples at at least twice the signal bandwidth of the corn- 
to a land network, for example through a Mobile Switching posite frequency bands (i.e. the Nyquist sampling rate) to 
Center (MSC) which is connected to a plurality of base obtain a digital representation of the modulated analog IF 
stations dispersed throughout the service area. In the wire- signal. Accordingly, the sampling rate for the A/D converter 
less communications industry, a service provider is often is chosen such that the Nyquist bandwidth encompasses the 
granted two or more non-contiguous or segregated fre- 20 desired frequency bands. The higher the sampling rate, the 
quency bands to be used for the wireless transmission and wider is the Nyquist bandwidth. If the waveform is sampled 
reception of RF communications channels. For example, in a t a rate less than twice its signal bandwidth (the Nyquist 
the United States, a base station for an "A" band provider for bandwidth), an undesirable overlapping between the adja- 
cellular communications receives frequency channels within ce nt periodic spectrums occurs — a well known phenomena 
the A(825-835 MHz), A'(845-846 .5 MHz) and A"(824-825 M \^ ovm as aliasing. Accordingly, the sampling rate and the IF 
MHz) bands, and the wireless units receive frequency chan- frequency are chosen such that the Nyquist bandwidth 
nels within the A (870-880 MHz), A'(890-891.5 MHz) and encompasses the frequency band to be converted while 
A"(869-870 MHz) bands. A base station for a B band reducing the sampling rate of the A/D converter, enabling 
provider receives frequency channels within the B (835-845 me ^ 0 f i owcr sampling rate A/D converters with reduced 
MHz) and B'(846.5-849 MHz) frequency bands, and the 30 cost. Accordingly, the wider the separation or frequency gap 
wireless units receive frequency channels within the B between the frequency bands, the current receiver architec- 
(880-890 MHz) and B'(891.5-894 MHz) frequency bands. tures reach a point where the use of a single A/D is not 
Additionally, a base station for a Personal Communications viewed as practical or efficient. If the frequency bands are far 
Systems (PCS) provider may receive frequency channels enough apart or if desired, a separate antenna is used for 
from wireless units on one or more PCS bands (1850 35 each segregated frequency band. In multiple antenna archi- 
MHz-1910 MHz), and the wireless units receive frequency tectures where antennas are dedicated to different frequency 
channels on one or more PCS bands (1930-1990 MHz). bands, a separate A/D is typically used for each antenna 

In order to reduce system hardware costs, a service path, 

provider would want to use a common receiver for the Wireless communication base stations also use multiple 

simultaneous reception and processing of signals within the 40 antennas receiving the same frequency band to support a 

non-contiguous frequency bands. In a typical receiver technique known as N-way receive diversity to mitigate the 

architecture, a down-conversion stage for each frequency effects of multipath fading. The base station comprises one 

band is typically used to down-convert and to manipulate the 0 r more radios that comprises N spatially-separate receive 

placement of each frequency band at intermediate frequen- antennas ("Rxl" through "RxN"). Because multipath fading 

cies (IF) such that the frequency bands of the modulated 45 is a localized phenomenon, it is highly unlikely that all of the 

analog signals are converted to a corresponding IF fre- spatially -separated receive antennas will experience multi- 

quency spectrum and can be sampled at a reduced sampling path fading at the same time. Therefore, if an incoming 

rate by separate analog to digital (A/D) converters. To use a signal is weak at one receive antenna, it is likely to be 

single A/D converter to digitize the modulated analog sig- satisfactory at one of the others. For example, when the 

nals in the non-contiguous bands, a single A/D would have 50 topography of the terrain is hilly or mountainous, or when 

to sample at a high enough rate to encompass both frequency objects such as buildings or trees are present, a signal 

bands. This is an inefficient approach because the A/D transmitted by a wireless unit can be absorbed or reflected 

converter is using bandwidth in sampling unwanted frequen- such that the signal quality is not uniform at the base station, 

cies in the gap between the frequency bands. To reduce the As such, many independent paths result from the scattering 

frequency gap between non-contiguous frequency bands, a 55 and reflection of a signal between the many objects that lie 

down-conversion stage for each of the frequency bands is between and around the wireless unit and the base station, 

used to down-convert and manipulate the placement of each The scattering and reflection of the signal creates many 

frequency band at IF such that the bands are closer together different "copies" of the transmitted signal ("multipath 

to fit in a smaller bandwidth for the A/D converter. Another signals") arriving at the receive antenna of the base station 

approach to improve the efficient use of the A/D converter 60 with various amounts of time delay, phase shift and attenu- 

bandwidth involves down-converting both frequency bands ation. As a result, the signal received at the base station from 

such that a replica of one of the frequency bands is posi- the wireless unit is made up of the sum of many signals, each 

tioned in the frequency gap between the frequency bands. traveling over a separate path. As the multipath signals are 

When the IF spectrum is sampled by an A/D converter at added constructively and destructively at the receive antenna 

a sampling rate which is greater than or equal to twice the 65 of the base station, severe local variations in the received 

combined signal bandwidth, which can be referred to a the signal strength can occur. This phenomenon is widely 

Nyquist sampling rate, the A/D input signal bandwidth known as multipath fading or fast fading or Rayleigh fading. 
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As is well-known in the prior art, a diversity combiner can 
combine N incoming signals, each from one of N receive 
antennas, using various techniques (e.g., selection diversity, 
equal gain combining diversity, maximum ratio combining 
diversity, etc.) to reduce the adverse effects of multipath 
fading and improve the reception of an incoming signal. In 
diversity combining techniques performed in the digital 
domain, the incoming analog signals from the N receive 
antennas are maintained on separate channel branches and 
provided to separate analog to digital (A/D) converters on 
each channel branch for conversion in the digital domain 
where diversity techniques can be used to improve reception 
of the incoming signal. Using multiple A/D converters 
increases costs and can result in reduced performance due to 
an incoherence between the time samples performed by 
separate A/D converters of the analog signals from the N 
receive antennas. Removing any incoherence between the 
time samples of the incoming signals from the N receive 
antennas is important when accurate measurements of time 
delay or phase shift is required. Alternatively, the incoming 
analog signals from the N receive antennas can be combined 
or selected prior to digital conversion according to a diver- 
sity technique performed in the analog domain, and the 
resulting analog signal is provided to a single analog to 
digital (A/D) converter for conversion to the digital domain. 

The above multiple branch receiver architectures do not 
take advantage of the potential bandwidths, flexibility and/or 
time and/or phase coherence capability provided by A/D 
converters in converting analog signals into the digital 
domain. 

SUMMARY OF THE INVENTION 

The present invention involves a receiver which provides 
received analog signals to a plurality of channel branches, 
and on at least one of the channel branches, the frequency of 
the received analog signals is adjusted independent of the 
relative positions of the corresponding analog signals in the 
radio frequency (RF) spectrum. The analog signals on the 
channel branches are then combined, and the combined 
analog signals are converted into the digital domain. For 
example, the receiver comprises at least one antenna(s) 
which receives radio frequency (RF) analog signals. A 
channel branch arranger receives the analog RF signals from 
the antenna(s) and provides the RF analog signals to a 
plurality of channel branches. A frequency conversion 
arrangement comprising at least one frequency converter on 
at least a respective one of the channel branches adjusts the 
frequency band of the analog RF signals on the respective 
channel branch independent of the relative positions of the 
corresponding analog signals in the RF spectrum of the 
different channel branches. The analog signals on the chan- 
nel branches are combined, and a single analog to digital 
converter converts the combined analog signal into digital 
signals. In converting the composite analog signals into the 
digital domain, the frequency bands of the analog signals are 
positioned in a plurality of Nyquist zone channels in the 
digital domain. By properly selecting the frequency bands 
for the analog signals on the channel branches and the 
sampling rate for the A/D converter, the available bandwidth 
for the A/D converter can be more efficiently used, and/or 
time coherence and/or phase coherence can be provided. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other aspects and advantages of the present invention 
may become apparent upon reading the following detailed 
description and upon reference to the drawings in which: 
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FIG. 1 shows a general block diagram of a multiple 
branch receiver according to the principles of the present 
invention; 

FIG. 2 shows a block diagram of an embodiment of the 
5 multiple branch receiver according to the principles of the 
present invention; 

FIG. 3 shows the analog signals at the A/D input frequen- 
cies and the replicas of the analog signals in the different 
Nyquist zones which fold back to the first Nyquist zone in 
10 the digital domain for an embodiment of the multiple branch 
receiver receiving two versions of the same frequency band 
from different antennas; 
FIG. 4 shows a general block diagram of another embodi- 
15 ment of a multiple branch receiver according to the prin- 
ciples of the present invention; and 

FIG. 5 shows the analog signals at the A/D input frequen- 
cies and the replicas of the frequency bands at the digital 
domain frequencies of the first Nyquist zone for the multiple 
20 branch receiver of FIG. 4. 

DETAILED DESCRIPTION 

Illustrative embodiments of a receiver system using mul- 
tiple channel branches on which signal bandwidths for RF 

25 analog signals are positioned relative to the positions of the 
signal bandwidths in the Nyquist bandwidth but independent 
of the relative positions of the signal bandwidth(s) at RF 
according to the principles of the present invention is 
described below. For example, if two frequency bands on at 

30 least two channel branches correspond to frequency bands 
that are separated by a certain amount at RF, a converted 
band on one channel band can be closer or further apart from 
the frequency band on the other channel branch when 
compared to the corresponding frequency bands at RF. The 

35 frequency bands on the at least two channel branches have 
positions relative to the positions of the respective signal 
bandwidths in the Nyquist bandwidth in that the frequency 
bands occupy different portions of the Nyquist bandwidth of 
an A/D converter, but the frequency bands can be positioned 

40 independent of their positions relative to each other at RE 
Consequently, in a diversity setting, if the two frequency 
bands on the at least two channel branches correspond to the 
same frequency bands at RF, the frequency band on at least 
one channel branch' can be converted to a different frequency 

45 band than the frequency band on the at least other channel 
branch so long as the frequency bands occupy different 
portions of the Nyquist bandwidth. 

With particular reference to FIG. 1, a receiver 10 includes 
N antennas Ma-n which receive analog signals over RF 

50 communications channels, where N>=1. The antenna 12a 
could be a multi-frequency band antenna. A frequency 
channelizer 13 includes a channel branch arranger 14, such 
as an N-plexer filter or combiner array, which combines 
and/or separates the received RF analog signals or portions 

55 thereof and provides the received analog signals into X 
channel branches 16a— x in a desired manner, where X>-2. 
For example, different channel branches 16a-x can carry the 
analog signals for corresponding RF frequency bands, the 
channel branches 16a-x can carry RF analog signals 

60 received by different antennas or sets of antennas, and/or 
multiple channel branches having copies of the RF analog 
signals of multiple or the same frequency band(s). A fre- 
quency conversion arrangement 18 comprises at least one 
frequency converter 20a-x on at least one of the channel 

65 branches 16a-* to manipulate the placement of the analog 
signals on the respective channel branch 16a-* into at least 
one intermediate frequency (IF) band that does not overlap 
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in the Nyquist band width of the A/D converter relative to one of the at least two channel branches 16a-* to provide 

the frequency band on at least one other channel branch analog signals at at least two different frequency bands on at 

16a—*. In this embodiment, each channel branch 16a-* is least two channel branches 16a-*. To obtain one of the 

shown with a frequency conversion stage 20a-*, but the frequency bands of the at least two different frequency 

number of channel branches need hot equal the number of 5 bands, the RF analog signals from two or more different 

frequency conversion stages 20a-*. antennas 12o-« at the same frequency band can be com- 

Acombining.arrangement 22 combines the analog signals bined prior to or after any frequency conversion stage 20a-*, 
on the channel branches 16a-* in desired fashion. The for example using signal diversity combining or simply 
resulting composite analog signal is provided with analog combining at RF. Additionally, the channel branch arranger 
signals in different frequency bands to an analog to digital 10 14 can include a dedicated connection^) between an 
converter 24. The different frequency bands of the analog antenna 12a-n or diversity combiner and a frequency con- 
signals fold back to non-overlapping portions of the Nyquist version stage 20a-* on a respective channel branch 16o-*. 
bandwidth provided by the analog to digital (A/D) converter In this embodiment, the frequency conversion stages 20a-* 
24 sampling the composite analog signal at a sampling rate manipulate the placement of the RF signal bandwidth(s) 
which is greater than twice the bandwidth of the combined 15 from the N antennas 12o-n into intermediate frequency (IF) 
bandwidth of the different frequency bands. In converting band(s). In manipulating the placement of the frequency 
the composite analog signal into the digital domain, the A/D band(s) on the channel branch(es) 16a-* relative to f re- 
converter 24 processes the composite analog signal into quency band(s) on the other channel branch(es)(which can 
Nyquist zone channels or bands in the first Nyquist zone. be the same, overlapping or different frequency band(s) 
The Nyquist zone channels in the digital domain correspond 2 o before bein S manipulated), the frequency band(s) are posi- 
to the different frequency bands of the analog signals. tioned independent of the relative positioning between the 
Digital signal processing circuitry 26 can retrieve the digital corresponding RF band(s). Depending on the embodiment, 
signals from the Nyquist zone channels of the first Nyquist a channel branch 16a-* need not have a frequency conver- 
zone, because the different channels eventually end up in the sion stage 20a-*, so long as the at least other frequency band 
first Nyquist zone after digitizing the analog input signals, 2 s is positioned independent of the relative positioning between 
for example using digital filters, digital combiners, digital the corresponding frequency bands at RF. 
detectors, digital demodulators, digital downconverters, In this embodiment, each frequency converter stage 
such as a Digital Down Converter (DDC) with Numerical 20a-* includes a filter 36a-* which filters the incoming RF 
Controller Oscillator (NCO) to digitally down convert the signals to produce an RF frequency band to be frequency 
data rate (which is referred to as decimation), and/or other 30 converted. The RF frequency band(s) to be converted by the 
digital processing. The DDC can tune to the respective frequency converter stage(s) 20a-* can be of the same, 
frequencies for further signal processing. Therefore, the different and/or overlapping frequency bands from at least 
receiver 10 can more effectively use the bandwidth available one antenna 12o-n, and the resulting frequency bands 
in a single A/D by adjusting the relative positioning of the occupy at least two different frequency bands. At each 
different RF frequency bands on different channel branches 35 frequency converter stage 20a-*, the filtered RF frequency 
16a-*. band is provided to a mixer 38a-* which converts the 

Depending on the embodiment and due to the flexibility frequency band of the RF analog signals by mixing the 

of the receiver according to the principles of the present frequency band with a local oscillator signal from a local 

invention, the receiver 10 can be implemented in different oscillator (LO) 40a-* as would be understood by one of skill 

ways to more effectively use the potential bandwidth of aD 40 ui the art. 

A/D converter. For example, FIG. 2 shows an embodiment The analog signals at the at least two different frequency 

of a receiver 30 which includes antennas 12o-/i which bands from the frequency conversion arrangement 18 are 

receive RF analog signals In the embodiment of FIG. 1, the provided to the combining arrangement 22. In this 

channelizer 13 receives the RF analog signals from receive embodiment, the combining arrangement 22 includes a 

circuitry 32a-«, such as low noise amplifiers (LNAs), asso- 45 combiner/splitter network 42 which combines the frequency 

ciated with each antenna 12a-n. The channelizer 13 includes bands from the frequency conversion arrangement 18 in a 

the channel branch arranger 14 which in this embodiment is desired manner and splits the analog signals in a desired 

a channel network which receives the RF analog signals in manner, for example in different frequency bands, to provide 

the same and/or different frequency band(s) from the anten- the analog signals on M channel paths 44o-m, where M>-2. 

nas 12a-n. The channel network provides the RF analog 50 The channel branches 16o-* can correspond to the channel 

signals and/or a portion thereof to an appropriate channel paths 44a-m. Alternatively, the at least two different fre- 

branch 16a-*. In this embodiment, the channel network quency bands on the channel branches 16a-* can be split 

comprises an array of X N-plexer filters or N-input com- apart onto different channel paths 44a-m and/or the analog 

biners 34a-* where each one of the X N-plexer filters or signals from multiple channel branches 16a-* combined 

N-input combiners 34a-* can be connected to one to N 55 onto a single channel path 44a-m. 

antennas 12a-*i. Depending on the embodiment, the number In this embodiment, the combiner/splitter network 42 

of multiplexers or combiners 34a-* can but need not cor- includes an X-input combiner 46 which combines the analog 

respond to the number of channel branches 16o-*. The array signals on the channel branches 16a-* and provides the 

of filters or combiners 34a-* provides RF analog signals signal spectrum to an M-output splitter 48. Depending on the 

from the at least one antenna 12a~n and at least one radio eo embodiment, the M-output splitter 48 can be an M-plexer 

frequency (RF) band and any combination of RF signals filter which selectively produces a frequency band on a 

from multiple antennas 12a-« and/or of RF signals having respective channel path 44a-m. The M-plexer filter selec- 

the same or different frequency band(s) to at least two lively matches the impedance for the frequency band or 

channel branches 16a-*. channel to reduce losses. The M-output splitter 48 can be an 

The RF analog signals on the channel branches 16a-* are 65 M-output splitter which provides replicas of the signal 

subjected to a frequency conversion arrangement 18 which bandwidth(s) on the channel paths 44a-m. The combiner/ 
comprises at least one frequency conversion stage on at least splitter network 42 has been described with X inputs which 
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are combined and split onto M channel paths 44a-m. The an even-numbered Nyquist zone appears as a mirror image 
number of inputs or channel branches 16a-* can correspond in the odd-numbered Nyquist zones back to the first Nyquist 
to the number of channel paths 44a-ro but need not. Depend- zone while appearing in the same relative position in the 
ing on the embodiment, the structure and manner in which even-numbered Nyquist zones. Therefore, replicas of the 
RF analog signals provided to the channel branches 16a-* 5 signal bandwidth(s) are repeated at intervals of one-half the 
are frequency converted and combined and split into M sampling rate. The sampling rate for the A/D converter is 
channel paths can vary. The frequency band on a channel chosen such that after the analog signals are digitized, the 
path 44a-m can correspond to at least one of the two desired replica frequency bands occupy non-overlapping 
different frequency bands on the channel branches 16a-*, a portions or channels of the first Nyquist zone. The digital 
combination of signals from at least two different channel 10 conversion effectively preserves the information being pro- 
branches 16a-* or a subset of one of the at least two duced at a rate of less than or equal to one-half the sampling 
frequencybands.Afilter50a-woneachchannelpath44a-m rate in the bandwidth of the first Nyquist zone. If the 
passes the frequency band or channel corresponding to the sampling rate is increased, the first Nyquist zone or Nyquist 
channel path 44a-m. Alternatively, multiple channel paths bandwidth becomes wider. 

44a-m can cany the same frequency band, but at least two 15 In this embodiment, a fast Fourier transform (FFT) of the 

channel paths 44o-m carry different frequency bands which digital signal values provides signals at frequency bands 

occupy non-overlapping portions of the Nyquist bandwidth (Nyquist zone channels) within one-half the sampling rate 

or different channels of the first Nyquist zone. In this ("the first Nyquist zone") representing the converted analog 

embodiment, an amplifier Sla-m od each channel path signals. If the waveform is sampled at a rate less than twice 

44o-m amplifies the analog signals on the channel path 20 i ts signal bandwidth (the Nyquist bandwidth), an undesir- 

44o-m. The amplified analog signals on the channel paths able overlapping between the adjacent periodic spectrums 

44o-m are combined by a signal combiner 54, such as an occurs — a well known phenomena known as aliasing. 

M-input combiner or an M-plexer filter, to provide a com- Accordingly, the sampling rate and the IF frequency band(s) 

posite or combined signal of analog signals at the M are chosen to avoid loss of information due to aliasing yet 

frequency channels dictated by the filtering of the filters 2 $ provide improved efficiency in the use of the available 

50o-ro on the M channel paths 44a-m. In this embodiment, Nyquist bandwidth. 

the signal combiner 54 provides the combined analog sig- An embodiment of the multiple branch receiver according 

nals in the different frequency channels to the amplifier 56 to the principles of the present invention can be used by a 

for high power signal amplification. Depending on the cellular A band service provider to provide diversity recep- 

embodiment, the amplification of the IF analog signals can 30 tion in the digital domain using a single A/D converter. In the 

occur at the amplifier stage 52o-m, at the amplifier 56 and/or United States, a base station for an "A" band cellular service 

at other locations in the receiver architecture. The combined provider receives frequency channels within the A (825-835 

analog signals are provided to the analog to digital converter MHz), A" (824-825 MHz) and A'(845-846.5 MHz) bands, 

which samples the analog signals at a sampling rate to In this example, the modulated analog signals within the A, 

convert the modulated analog signals to the digital domain. 35 A' and A" frequency bands are received by a first antenna 

In converting the analog signals into the digital domain, 12a and a second antenna Mb. The A, A' and A" frequency 

the A/D converter 24 samples the analog signals at a bands from the first antenna 12a are frequency converted to 

sampling rate and produces digital values corresponding to an IF band(s), and the A, A' and A" frequency bands from the 

the analog signal samples as would be understood by one of second antenna Mb are frequency converted to a different IF 

skill in the art. The Nyquist sampling rate for a modulated 40 band(s). In converting the IF analog signal spectrum into the 

analog signal, for example where an information signal is digital domain, the A/D converter 24 samples the IF analog 

modulated onto a carrier signal, can be defined as being at signal spectrum, and the IF spectrum folds back to the first 

least twice the highest frequency component of the infor- Nyquist zone (from about 0 Hz to one-half the sampling 

mation signal regardless of the earner frequency on which frequency). In the first Nyquist zone, replicas of the IF bands 

the information signal is modulated. The information, which 45 are produced at different portions or channels of the first 

can be voice, data, video, text and/or other information, is Nyquist zone where the converted signals from the first and 

carried in the signal bandwidth. The highest frequency second antennas 12a and Mb are provided. The processing 

component of the information signal is directly related to the circuitry 26, such as a digital signal processor, can obtain the 

signal bandwidth. Because the signal bandwidth is sampled converted signals and perform diversity combining or other 

at at least twice the highest frequency component of the 50 processing to the signals on the separate Nyquist zone 

information signal, the information signal can be reproduced channels. 

in the digital domain. FIG. 3 shows an example of the frequency spectrum in the 

When the frequency spectrum is sampled by an A/D digital domain and at A/D input frequencies for a receiver 

converter 24 at the sampling rate of at least twice the providing diversity for cellular signals received in the A 

combined signal bandwidth, which can be referred to as the 55 band according to the principles of the present invention. For 

Nyquist sampling rate, the signal bandwidth rotates or folds example, using an A/D converter 24 at a sampling rate of 65 

periodically about itself at frequency multiples or intervals megasamples per second (Msps) (which is greater than twice 

("Nyquist zones") of one-half the sampling frequency back the signal bandwidth required for the two A, A' and A" bands 

to a first Nyquist zone in the digital domain from 0 Hz to or 25 MHz), a spectrum results in which the A/D input 

one-half the sampling rate. As such, a signal bandwidth and 60 frequencies appear at the same frequencies which were 

a mirror image of the signal bandwidth periodically repeat at applied to the A/D converter. Additionally, the input IF 

frequency intervals corresponding to the sampling rate of the spectrum rotates or folds periodically about itself at mul- 

A/D converter. For example, a signal bandwidth in an tiples of one -half the sampling frequency back to the first 

odd- numbered Nyquist zone will appear in the same relative Nyquist zone in the digital domain at about 0 Hz to one-half 

position in odd numbered Nyquist zones back to the first 65 the sampling rate Fs. Each replica of the IF spectrum 

Nyquist zone yet appear as a mirror image in the even- repeated at multiples of one-half the sampling rate is 

numbered Nyquist zones. Moreover, a signal bandwidth in referred to as a Nyquist zone. In this example, the IF input 
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spectrum rotates or folds about multiples of one-half the 
sampling frequency resulting in folds at 0 Hz, 32.5 MHz, 65 
MHz and so on. Digital processing frequencies occupy the 
first Nyquist zone from about 0 Hz to 32.5 MHz, and A/D 
input frequencies occupy the second Nyquist zone (32.5-65 
MHz), the third Nyquist zone (65-97.5 MHz) and so on. 

With particular reference to FIG. 2 and FIG. 3, the RF 
analog signals in the A and A" bands from the first antenna 
12a can be provided to the channel branch 16a and down- 
converted by a first frequency conversion stage 20a to a first 
IF frequency band. For example, using a bandpass filter 36a 
passing the A and A" RF bands and an LO 40a at 771.875 
MHz, the A and A" bands from the first antenna 12a can be 
down-converted to a first IF band 60 (52.125-63.125 MHz) 
in the second Nyquist zone. The RF analog signals in the A' 
RF band from the first antenna 12a can be provided to the 
channel branch 16b and down-converted by a second fre- 
quency conversion stage 20b to a second IF frequency band. 
For example, using a bandpass filter 36b passing the A' band 
and an LO 40b of 794.375 MHz, the A' band from the first 
antenna 12a can be down-converted to a second IF fre- 
quency band 62 (50.625-52.125 MHz). 

The RF analog signals in the A and A" bands from the 
second antenna 12b can be provided to a third channel 
branch 16c and down-converted by a third frequency con- 
version stage 20c to a third IF frequency band 64. For 
example, using a bandpass filter 36c passing the A and A" 
and an LO 40c of 740.875 MHz, the A and A" bands from 
the second antenna 12b can be down-converted to a third IF 
frequency band 64 at 83.125-94.125 MHz. The RF analog 
signals in the A' band from the second antenna 122? can be 
provided to a fourth channel branch 16a* and down- 
converted by a fourth frequency conversion stage 20d to a 
fourth IF frequency band 66. For example, using a bandpass 
filter 36a" passing the A' band and an LO 40d of 750.875 
MHz, the A' band from the second antenna 12b can be 
down-converted to the fourth IF band 66 at 94.125-95.625 
MHz. The analog signals in the different IF frequency bands 
on the channel branches 160-0* are combined by a combin- 
ing arrangement 18, and the combined analog signals are 
provided to the A/D converter 24 for digital conversion. 

When the IF spectrum is sampled by an A/D converter 24 
at the exemplary sampling rate of 65 Msps (which is greater 
than twice the 25 MHz signal bandwidth required for both 
sets of A, A' and A" bands), the digital domain spectrum of 
FIG. 3 results in which the A/D input frequencies appear at 
the same IF frequencies which were applied to the A/D 
converter 24. Additionally, the input IF spectrum rotates or 
folds about itself at multiples of one-half the sampling 
frequency, thereby making up the Nyquist zones. As such, 
the replicas of the input IF spectrum are periodically 
repeated at frequency intervals corresponding to one-half the 
sampling rate of the A/D converter. The IF frequency bands 
of interest containing the signals for the A, A' and A" bands 
are also periodically duplicated within the Nyquist zones 
back to non-overlapping Nyquist zone channels in the first 
Nyquist zone. For example, the A and A" bands from the first 
antenna 12a folds back to 1.875-12.875 MHz, and the A' 
band from the first antenna 12a folds back to 12.875-14.375 
MHz. Moreover, the A and A" bands from the second 
antenna 12b fold back to 18.125-29.125 MHz, and the A' 
band from the second antenna 12b folds back to 
29.125-30.625 MHz. 

As such, from the separate Nyquist zone channels pro- 
duced from the A/D. converter 24, the digital processor 26 
can receive the two versions of the converted frequency 
bands corresponding to the same A, A' and A" bands from 
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the two different antennas 12a and 12b. The digital proces- 
sor 26 can perform any desired diversity combining or 
selecting using the corresponding converted signals in the 
different Nyquist zone channels or perform any other pro- 

5 cessing or actions. Thus, in this example, the receiver 
according to the principles of the present invention enables 
the performance of spatial diversity using diversity tech- 
niques in the digital domain with a single A/D converter 
converting the analog signals from the different antennas 

10 12a-b. By using a single A/D converter, the receiver pro- 
vides time and/or phase coherent sampling of different 
versions of the same frequency band or channel received on 
different antennas. As such, time and/or phase coherency is 
preserved in diversity applications where accurate time 

15 delay and/or phase shift measurements may be important. 
Alternatively, the receiver according to the principles of the 
present invention can provide time and/or phase coherent 
sampling between signals received on different antennas in 
the the same and/or different frequency band(s) by using a 

20 single A/D converter to provide time and/or phase coherent 
sampling of the same and/or different frequency band(s) or 
channels) received on different antennas. Other applications 
or signal processing schemes, such as multipath reduction 
schemes, location determination systems, phase array and/or 

25 other intelligent antenna applications, can benefit from the 
improved time and/or phase coherent measurements. 

Furthermore, the receiver according to . the principles of 
the present invention improves the flexibility and bandwidth 
utilization of the A/D converter by enabling independent 

30 positioning of the frequency bands or subsets thereof rela- 
tive to their corresponding RF analog signals into frequency 
bands which fold back to non-overlapping portions or chan- 
nels of the first Nyquist zone. Independent positioning can 
further mean that the relationship between RF frequency 

35 bands or within RF frequency bands need not be maintained 
in the positioning of the frequency bands or subsets thereof 
applied to the A/D converter except that the frequency bands 
applied to the A/D converter fold back into non-overlapping 
bands or channels in the first Nyquist zone. 

40 FIG. 4 shows an example of a receiver 70 according to the 
principles of the present invention, and FIG. 5 shows how 
the receiver can improve the bandwidth utilization of an A/D 
converter by independently positioning frequency bands to 
fit within Nyquist zone channels created by the A/D con- 

45 verter. In this example, the receiver 70 includes multiple 
antennas X2a-n. It should be understood that a multiple band 
antenna could be used in which the RF analog signals from 
the different RF frequency bands is provided to different 
channel branches 72a-/ in the channelizer 13. In this 

50 embodiment, the first antenna 12a receives frequency chan- 
nels within the A (825-835 MHz), A"(824-^825 MHz) and 
A'(845-846.5 MHz) bands, and the second antenna 12b 
receives the same frequency channels within the A (825-835 
MHz), A"(824-825 MHz) and A*(845-846.5 MHz) bands to 

55 provide receive diversity as described above. The channel 
branch arranger 14 provides the A' band from the first 
antenna 12a to a first branch 72a, the A and A" bands from 
the first antenna 12a to a second branch 726, the A and A n 
bands from the second antenna 12b to a third branch 72c, 

60 and the A' band from the second antenna 12b to a fourth 
branch 72a\ In this embodiment, the third antenna 12c 
receives RF analog signals in the D-block (1865-1870 
MHz) of the Personal Communications System (PCS) fre- 
quency bands. The channel branch arranger 14 provides the 

65 RF analog signals in the PCS bands from a third antenna 12c 
to a fifth branch 72e. The fourth antenna 12d receives RF 
analog radio signals in the FM radio frequency band (88 to 
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108 MHz), and the channel branch arranger 14 provides the corresponds to the signals in the D-block of the PCS band 

FM signals from the fourth antenna I2d to a sixth branch from the third antenna 12c. A third Nyquist zone channel 

72/ from 25 to 36 MHz corresponds to the signals on the A and 

The total bandwidth of the RF analog signals on the A" bands from the first antenna 12a, and a fourth Nyquist 

different branches 72a-/ is 50 MHz after adding the two A 5 zone channel from 36 to 37.5 corresponds to the signals on 

bands (12.5 MHz each), the 5 Mhz PCS band and the 20 the A' bands from the first antenna 12a. A fifth Nyquist zone 

MHz FM radio band. As such, a sampling rate for the A/D channel from 37.5 to 48.5 corresponds to the signals on the 

converter 24 is used such that the Nyquist zone bandwidth A and A" bands from the second antenna 126, and a sixth 

is sufficient to handle the 50 MHZ bandwidth of the RF Nyquist zone channel from 48.5 to 50 MHz corresponds to 

analog signals. For illustrative purposes, a 100 MHz sam- 10 signals on the A' band from the second antenna 12b. 

pling rate is used for the A/D converter 24 to provide a By properly positioning the RF frequency bands in the 

Nyquist zone bandwidth of 50 MHz (one-half the sampling appropriate IF frequency bands, the receiver according to the 

rate). In practice, a higher sampling rate may be selected to principles of the present invention can increase the utiliza- 

provide extra bandwidth or guard bands between the signals tion of the available Nyquist bandwidth provided by the A/D 

of the different frequency bands or branches. The frequency 15 converter 24. In the above example, the entire Nyquist 

conversion arrangement 18 independently positions the RF bandwidth for a sampling rate of 100 MHz was filled. In 

frequency bands from the different branches into frequency other embodiments, different sampling rates can be used to 

bands that fold back to non-overlapping bands or channels increase or decrease the Nyquist bandwidth. In alternative 

in the first Nyquist zone. The frequency conversion arrange- embodiments, if the RF frequency band is positioned in a 

ment 18 changes the positioning of the RF analog signals on 2 o desired portion of the spectrum, then frequency conversion 

the multiple branche 72a -/ relative to how the analog of the RF frequency band may not be performed. For 

signals are positioned in the Nyquist bandwidth, not relative example, with particular reference to FIG. 4, if the sampling 

to their positioning at RF, to enable increased utilization of rate were increased to provide a wider Nyquist bandwidth, 

the Nyquist bandwidth of the A/D converter 24. an AM radio frequency band (550-1600 kHz) can be 

In this embodiment, each branch 72a -/ includes a fre- 25 received by an antenna 76 and added to the combined or 

quency conversion stage 20a -f to convert the RF analog composite analog signal, and the A/D converter 24 could 

signals to IF frequency bands which fold back to non- digitize the analog signals in the AM frequency band. The 

overlapping portions or channels of the Nyquist bandwidth AM radio frequency band would be located in the kilohertz 

or the first Nyquist zone. For example, the RF analog signals range of the first Nyquist zone, and may not require fre- 

of the A' band on the first branch 72a are converted by the 30 quency conversion. As such, the receiver according to the 

first frequency stage 20a to a frequency band of 162.5-164 principles of the present invention could receive signals 

MHz by mixing the RF analog signals with a signal of 682.5 from different sources, such as the base stations for cellular 

MHz from the LO 40a. The RF analog signals of the A and or PCS systems, AM or FM broadcast radio stations and/or 

A" bands on the second branch 12b are converted by the GPS satellites. 

second frequency stage 20b to a frequency band of 64-75 35 In addition to the embodiment described above, 

MHz by mixing the RF analog signals with a signal of 760 .alternative configurations of the multiple analog branch 

MHz from the LO 40b. The RF analog signals of the A and receiver architecture according to the principles of the 

A" bands on the third branch 72c are converted by the third present invention are possible which omit and/or add com- 

frequency stage 20c to a frequency band of 137.5-148.5 ponents and/or use variations or portions of the described 

MHz by mixing the RF analog signals with a signal of 686.5 40 receiver architecture. As would be understood by one of 

MHz from the LO 40c. The RF analog signals of the A' band ordinary skill in the art, the various components making up 

on the fourth branch 12d are converted by the fourth the receiver architecture and their respective operating 

frequency stage 20rf to a frequency band of 150-151.5 MHz parameters and characteristics should be properly matched 

by mixing the RF analog signals with a signal of 695 MHz up to provide the proper operation. For example, an embodi- 

from the LO 40d. The RF analog signals of the D-block in 45 ment of the receiver system can be used to receive signals 

the PCS band on the fifth branch 72e are converted by the from a North American TDMA system, a Global System For 

fifth frequency stage 20e to a frequency band of 120-125 Mobile Communication (GSM) system, a code division 

MHz by mixing the RF analog signals with a signal of 1745 multiple access (CDMA) system, frequency division mul- 

MHz from the LO 40e. The RF analog signals of the FM tiple access (FDMA) systems, Global Positioning System 

radio band on the sixth branch 72/ are up-converted by the 50 (GPS), FM radio and/or AM radio. Accordingly, the receiver 

sixth frequency stage 20/ to a frequency band of 180-200 according to the principles of the present invention can 

MHz by mixing the RF analog signals with a signal of 92 receive and digitally convert in a single A/D converter 

MHz from the LO 40/ analog signals from system(s) using different, the same or no 

The analog signals positioned in the IF frequency bands multiple access techniques, using the same and/or different 

mentioned above can be combined in a combining arrange- 55 modulation techniques, and/or using different and/or the 

ment 22 to be converted by the A/D converter 24. The A/D same frequency bands or schemes. The analog signals can be 

converter samples the analog signals in the IF spectrum and characterized as wideband, broadband and/or narrowband, 

produces signals in the first Nyquist zone corresponding to Additionally, the embodiments of the receiver according to 

the RF analog signals on the different branches 12a -/which the principles of the present invention have been described 

were positioned within the IF spectrum. In this example 60 with frequency band(s) associated with base station receive 

using a sampling rate of 100 MHz, the first Nyquist zone is frequencies, but the receiver architecture according to the 

from 0 to 50 MHz with six Nyquist zone channels from principles of the present invention can be used in wireless 

which the digital processor 26 can obtain signals to the RF units, such as mobile units, receiving information from other 

signals from the different RF bands or branches. For frequency band(s), such as a wireless unit receive band, 

example, a first Nyquist zone channel from 0 Hz to 20 MHz 65 Furthermore, the receiver system has been described 

corresponds to the FM radio signals from the fourth antenna using a particular configuration of distinct components, but 

12d. A second Nyquist zone channel from 20 to 25 MHz it should be understood that the receiver system and portions 
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thereof can be implemented in application specific inte- 
grated circuits, software-driven processing circuitry, 
firmware, programmable logic devices, hardware or other 
arrangements of discrete components as would be under- 
stood by one of ordinary skill in the art with the benefit of 
this disclosure. Although in the illustrative embodiment is 
shown with a particular circuitry, the measurement radio 
architecture can use different components which together 
perform similar functions when compared to the circuitry 
shown. What has been described is merely illustrative of the 
application of the principles of the present invention. Those 
skilled in the art will readily recognize that these and various 
other modifications, arrangements and methods can be made 
to the present invention without strictly following the exem- 
plary applications illustrated and described herein and with- 
out departing from the spirit and scope of the present 
invention. 

What is claimed is: 

1. A method of processing received signals, comprising: 
providing analog signals on a plurality of channel 

branches; 

adjusting the frequency of said analog signals on said 

plurality of channel branches; 
combining said analog signals; and 
digitally converting said combined analog signals, 
said adjusting including independently positioning each 
of said analog signals on said plurality of channel 
branches relative to how the analog signals are to be 
positioned in a Nyquist zone when digitally converted, 
so that said digitally converting of said combined 
analog signals produces frequency bands in substan- 
tially non-overlapping portions of the Nyquist zone. 

2. The method of claim 1, further comprising: 
receiving said analog signals on at least two antennas. 

3. The method of claim 2, wherein said providing further 
includes: 

using a first antenna to provide analog signals of a 
frequency band on a first channel branch; and 

using a second antenna to provide analog signals of said 
frequency band on a second channel branch. 

4. The method of claim 2, wherein said providing further 
includes: 

using a first antenna to provide analog signals of a first 45 
frequency band on a first channel branch; and 

using a second antenna to provide analog signals of a 
second frequency band on a second channel branch. 

5. The method of claim 2, wherein said providing further 
includes: 

combining said analog signals received by said at least 
two antennas; and 

filtering, on each channel branch, said analog signals to 
provide analog signals having a frequency band corre- 
sponding to each channel branch. 

6. The method of claim 2, wherein said providing further 
includes: 

receiving analog signals from at least one antenna; and 
selectively producing, on each channel branch, analog 

signals having a frequency band corresponding to each 

channel branch. 

7. The method of claim 1, wherein said adjusting further 
includes: 

frequency converting analog signals on each channel 
branch to a corresponding intermediate frequency (IF) 
band. 
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8. A receiver comprising: 

a channel branch arranger connected to at least one 
antenna for receiving analog signals and providing 
analog signals onto a plurality of channel branches; 

at least one frequency conversion arrangement configured 
to adjust the frequency of analog signals on said 
plurality of channel branches; 

a combining arrangement connected to said plurality of 
channel branches to combine said analog signals; and 

an analog to digital converter configured to receive and 
digitally convert said combined analog signals, 

said at least one frequency conversion arrangement being 
further configured to independently position each of 
said analog signals on said plurality of channel 
branches relative to how the analog signals are to: be 
positioned in a Nyquist zone when digitally converted, 
so that said analog to digital converter converts said 
combined analog signals to produce frequency bands in 
substantially non-overlapping portions of the Nyquist 
zone. 

9. The receiver of claim 8, further comprising: 

at least two antennas to provide said channel branch 
arranger with said analog signals. 

10. The receiver of claim 9, wherein said channel branch 
arranger is configured to provide, on a first channel branch, 
analog signals from a first antenna of a frequency band, and 
to provide, on a second channel branch, analog signals from 
a second antenna of said frequency band. 

11. The receiver of claim 9, wherein said channel branch 
arranger is configured to provide, on a first channel branch, 
analog signals from a first antenna of a first frequency band, 
and to provide, on a second channel branch, analog signals 
from a second antenna of a second frequency band. 

12. The receiver of claim 9, wherein said channel branch 
arranger further includes: 

a combiner which receives said analog signals from at 
least one antenna and provides a replica of said analog 
signals on a plurality of channel branches, and 

a filter on each of said channel branches to provide analog 
signals having a frequency band corresponding to said 
channel branch. 

13. The receiver of claim 9, wherein said channel branch 
arranger further includes: 

a multiplexer which receives said analog signals from at 
least one antenna and provides, on each of said channel 
branches, analog signals having a frequency band cor- 
responding to said channel branch. 

14. The receiver of claim 8, wherein said at least one 
frequency converter further includes a frequency converter 
on each channel branch to convert analog signals on said 
each of said channel branches to a corresponding interme- 
diate frequency (IF) band. 

15. A method of processing received signals, said method 
comprising: 

providing analog signals from at least two antennas onto 
at least two channel branches; 

adjusting the frequency of said analog signals on at least 
one of said at least two channel branches such that said 
analog signals on said at least two channel branches are 
at different frequencies; 

combining said analog signals; and 

digitally converting said combined analog signals, 

said adjusting including independently positioning each 
of said analog signals on said at least one of said at least 
two channel branches relative to how the analog signals 
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are to be positioned in a Nyquist zone when digitally 
converted, so that said digitally converting of said 
combined analog signals produces frequency bands in 
substantially non-overlapping portions of the Nyquist 
zone. 5 
16. A method of processing received signals, said method 
comprising: 

providing analog signals from at least two antennas onto 

at least two channel branches; 
adjusting the frequency of said analog signals on at least 10 

one of said at least two channel branches such that said 

analog signals on said at least two channel branches are 

at different frequencies; 



16 



combining said analog signals on said at least two channel 

branches; and 
digitally converting said combined analog signals, 
said adjusting including independently positioning each 
of said analog signals on said at least two channel 
branches relative to how the analog signals are to be 
positioned in a Nyquist zone when digitally converted, 
so that said digitally converting of said combined 
analog signals produces frequency bands in substan- 
tially non-overlapping portions of the Nyquist zone. 
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